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SUBSTRATE AND ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To safely obtain an n-type 
gallium nitride single crystal substrate that has an 
arbitrary carrier concentration without use of hazardous 
sflane gas by adding oxygen as a dopant showing the 
n-type electronic conduction and allowing the substrate 
to have no part made of another material. 

SOLUTION: A mask is fitted to the substrate of GaAs 
(111) and a window positioned at the top of the 
equilateral triangle having one side in the [11-2] 
direction is attached to the mask and the GaN buffer 
layer is grown by through the HVPE process where H2 is 
used as a carrier gas, and GaN is formed reaction of the 
GaCI (from Ga and HCI) and with NH3, or through the 
MoC process where H2 gas is used as a carrier and GaN 
is formed by reaction of GaCI formed from an 
organogallium compound and HCI and with NH3. Then, 
the GaN epitaxial layer is thickly formed over the 
thickness of the mask by the HVPE method or the MoC 
method by using HCI containing O or water, NH3 gas, H2 
gas as a starting and/or carrier gas. Finally, GaAs 



substrate and the mask are removed. 
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[11*112 ] nlO*t 'JTi8£# 1 x 1 0 1 6 cm 
-3- 1 x 1 0 2 0 cm-3-c-*4Cfc«:W»i:t" SB 

I»3cJI3] !5SiSS^ 1 x l 0 1 6 cm - x 

^ i x i o 1 8 cm - 3 nT X'&%mznmtrz>m& 

[gpRfH4 ] s i mttft 1 x l 0 1 7 c m - 3^ TT - 

ItmmS] G a A s (111) »R<7)±C 1 vx? 
[l 1-2] ^IpHC— iSSW-^iEE-ftffjcnii;* 

SffluGaSHiiHC K:j;0GaCUff07> ; E- 
7(aoTGaN*Mt§HVPE;Hl^t U7^' 
XtLTH2SfflhGaSB4BtHCl lUotGa 
C 1 07>^E-7(:j;^tGaN^Mt?»MOC 
S£IC<t9tGaN/^y77iSSEfi^?^ £6MfiS5RX 
C4*4^trHC-l, NH 3 ^'X, H2#X£JH*4»tf* 
f 'JTtfxh LtffiUHVPE'iSSfcliMOCaCAo 

/SU GaAsIKhv^^SBi*Ltn$GaN^S 
w)Jg t 1* § C £ s«» t r Z> m\t ii 'J ^ A #*£SSf60> 

[IMcJgG] G a A s (1.1 i) Sfgtf)±K, vx<7 
£tttt, [1 1-2] I5fa£tz& [1-10] ^fiiC^p 
frfc»»a>S&ftltT [1 1-2] SfloISfctt [1-1 
0] #|Sj(C¥'fTftX < r#c7) U *t'J7 
^XtLtH2^ffll^Ga^Ii:HC liaOGaCl 
$:ffi!J7>t-7l: ( j;otGaN^Mt5HVPEa 
U7^i:L-CH2 £ffll*G aW^ghH C 

KaotGaC UI^>7> ; e-7(;j;9tGaN$ 
4ttt5MOCai:j;otGaNM77rlS«fi$ 
ti\ Set-fiMRXttTkfcSfrHC 1, NH 3 *fX, H 2 
tfX&BuM&tf** »J7^^i:Lti^HVPEifJ/: 
ti M 0 Ci£(Z ct o T v x ^ JP^&IS/L T GaNxt'n 
:>-Wl/JlS/¥<£f$U G a A s Sffih v X # SSft* L 
T n ^ G a N (7) g £ T £ C 5 W » i: T & M ft # 1 J 

[#^CD»iffflft|ftHjn 
[ 0 0 0 1 ] 

*flfw«ff^-f^ffiwGaN»aa!l6. *J:V*0> 
»it»iSt:Mr So «f£ nS!G a NitlStDWfitfiiCIW 



m (i ^ T&E ftl i: i u > > E 91 ir 3 z i: iz t Z> 0 

[ooo2] 3-5 it&VQ*mkX'mtmmt)m%izm 

6ftScn«i, G a A s > InP, GaP^re^)S a C 
ti£{£7 u y y 7 > a a 7 ;l x +-irc t^c/)^ 

a&?ia-J-4ISH!r/>«fti Lfc#or*fflWft-V f X£ 
St^GaN SKttBttRJt-C- § ft ^« 
[0 0 0 3 ] G a N(i/^> vrififtA ^)'cSe^ 
rtS^Wtti: LX*-Wffl$iiri »6o G a NIK^SSL 
4* i * a ■ 0 flli^ M4SKi:L'chSo is ii ft £ ffico _t ( - 
G a N^^cr)fiUcogfl:fi!ligacnS9g4Kfi Lr»a«* 

sR^frsw/^r-eSo fiiiis ® kco ± < - g a n £ m 

/i^IC 3 o Lfr L fcfi1SH[(OK$ (C ^ 6 1' G 
a N0>**^-f 7f- h'(iW<7t^o f *- KhL 

'C^^^^Rl^o CcOcfcofti^SScO^{:i3(C^/)>^^6 
T^^ij; < feycr^hUoco(±G aNcm^cO^cot*^) 
3o GaAs^I n Pcou -tf-ettfcSB^M^^fcl »9 
Ci:/) s S±*^T**>o/cc^(cl:t^T±:<jSoo 

[0004] zziemiity&^itti^nm.&s Ga 

N^fltT-ft < A 1 N^, InN, G a N hA 1 I n 

n co jgaco r#ga mjb l fc & ftpt-r s 0 £ < a 

» 4 £ tr - IR CO * £ ffc 1 1 » -5 fit X' i i ft l » o GaN^i 
»T^SA S A 1 Nt— g|5C&«£f^e>G aN 

-5 1 t IESST- s o -c n -c a it fti * * «j ft 1 1 ^ ^ £ it 

(d:^< rcGa NT-^o-So 
[0 0 0 5 ] 

^l(:GaNj|i*MOCVDS(a^cxt' A y^yt 
)l nm $ it X * H L X o § o ^ »tt Ga^I 

[ 0 0 0 6 ] Ga NiWSi4«lc-t^c/vc^^^6> GaN 
IR^tottftlvttft^So GaNcoSK*s& 

# 'ff (C ^ ft S |& » f 4 X ^ S o f L ( C ^ 5 5g L S S M 
*iA<W*S. GaN fccofS^5Eft<^iai »(±**t^A««t 
W: #j *»/J*0 6 mffl U ^ >U ^ft^*U:GaNx f 

* * 5/ v /U*«I« & HlR » S C £ tfX- £ Z> a *t 

77-f ^&ttn$) e £mx$>z>o x*L^-ri^«i4-e* 

So ceo J: i «cWtr-G a N«*JR-?<naSRtt"9-7 t Y 
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V|.cn toco njjjEtt vm £ \ i a tfBta (L <* n r u & G a 
( 0 0 0 7 ] L 1y LWvi "rmmz fc.-SAWfe a 

l » tt G a A s U -+/^ I n P U <Ka>9SIIfliS/> s 
(c fi] ifl^n^o fSBHffiia£ S <w L /)» * «H (C bOBf 

t r * & ysrci is # & i \frt> iz jj m x m^taffi&v) 
mrz> 0 wmmt l < *wmfr%>» z *>izwwm&vn 
fi* s ifc & <n c jg l x mim & ig#>T i » s 0 

X Sc i ^ 5 » * tt At < HI (1 S i R /) 5 S < M £ * % < & £ Q 

[ 0 0 0 8 ] ^ i \:£tfZm&(£ffi&Jtcr)tz&J 

fctf* V f>; L < 33 x h iSC U f 

<fc n 13 : * fl « C O x m /;> 6 «y 7" tC T- # & 0 RMS 

[oooo] ^ctfWBBHco^as i czmmtLzm 

i»S»W*$nti'5 0 S i CteB^SERtiGaNU 
itt B* L fi? < T Hfttt £ <fr 0 ? co ICGaNMI -<r £ „ 

S i C4fiRi:t5i;JZh«t:3&:5 0 S i C3£f6coG 

[0 0 I 0] ^7 7 f -V£te£ffH.£i:, GaNt^7 

'cl^(jaNf/W7 N £0GaNxfn-> WUJf 1 
0 » cin^fii^ggj^ii/^ij^, Ga As 

iBfi<nt*&Mi(«l*±«fiS-l?^o«:*g(Ctt 1 0 4 c 

«c(afc* 8 H6ilfco Ga Ntt 1 0 9 cm- 2 £coaS<^ 
§ SKgff CD fcfiSS« * s Aott»**yY5|— KfcLTM 
ntr<j-&„ TJEM«W*4fc'i:i^io LfrLG aNU 
co ^a(i-cC)J: o «c ^SfS co ^ * Z gi < L t 
i^f)t-li!£i:t»/j^%x^ira^ 0 U - v cD Jg & ffi i& 

ass®* < "c i ii'/j^t^^o 

[00 1 1 ] OaN*ffiS***Tt:*OT. GaNxf 
V^vr^Wr-co^BBSKtt 1 0 ^ cnr^c^its 
£0<i— :>(c«BW/>hj-7t -f -VCA'6"e*S. gfS^^t 



^>o LfrLU- •f^f^- K^»-&tt, ^rt^^^oco 

^l^oJHtti^^^o ^77 Y-\ 7 ±(cfsiicDELO (Ep 
itaxial Lateral Overgrowth) (C U fil^Pi8<7) GaN| 

^rff^u, ^cnhiz is-v-m^mmzftzmiz&i) , u 

[0 0 12] ^77YtiK*tti»oo % J:0^Rac7)^ 
^l^GaN$o<^, :n/) 5 - -^co^FfnlT-^)^o -ccO£ 
o^filtc-r ot, Hiii, ^77ftiKJ:(:xh7f 

■^^;U7r-/i-^D-X (ELO) £\.>Oo m^ts^ii 
(i^^ln^ClS C-II, vol. J 8 1 - C - I I % p 

5 8-64 

[0 0 13] Z hiZ t>0)£i)hWammtt 

fatzWi=Ttem^>h<ri&mz (^h7Y7S) ^srsv 

Bcofii2(ix = k A, x= (k + £) A (k(iS 
A(ix^[pjcoJ§]«^ fAliSB) (a^ts^c^ 

0> [ 1 1 - 2] Xtt [ 1 - 1 0] S|Slt-fe5.'«R»iH 
I'V ffl to ft £ ft *4 $ f$ o co T' v x >7 CD ± ( z { 4 G a N {4 eg ^ 

L^i»o t^twghii; Jin £ Tftlico 7 7ft 

ra<CiHt£L£te#£-f 3o ^cof^/j»6G a N/pREftr 
^« xco^(il(iTi(!ico^7 t Y-V(OeS^te^J:o-cai 

%iz?<F>±jj{z&mf%fk&ft&Tz> 0 vx^=tu±(-aj 

[o 0 1 4] f&&i) i $bizfim%-%£mcD&ttmtm 
&*ijfaizmmLtzmzmfrt>(DG a n^s^^tj* 

$:fS1-^ J: 9 aft: ^ Q ^r|i(4Ttl!ic7)^7 r Y VX fcZ -5 
^6P-T-^)^)o o*OGaN(i*eS&(7)T-«)So « 

tg.¥.f5]±co*£a^^n^ Tffl&L^^o^cor^^^e 

[0 0 15] Xh7<77X^iaotf^tGaN/ 

f -^c0^^I^^1-^^^^^^ o +f 7 r -f ^^WBPfeft 
g^77<t5:<-50lt/:IIMtSLW 

-5**6 SISALS, ti^PflitftSo S 
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co^ilXfl(cj§£&l^ hi^l^&So C<7)j;o& 
Fp1H(i^7T i "rlZtfrttzZ Zom &mZXim&X £ 

[0 0 16] GaNgf0lfiimtIottGaN 
* j atRi»o G aN*gffl(?)±CGa Nxt^^yt^ 
ffifi^l+Si:*:RaaB/S(iJ;0ft£iKrST^5-9o GaN 

# Nr 6 nx u - v i: L X cnmt £ Z>Z£ IPX % J: 
[0 0 17] L^lfa37J^^- SCJ;-3tt7 U 

o)T-*stsa* 5 T-gSo cn6*s*£a&«ii-rsfc: 

SHE & »( 1 £ £ ¥ Wttffi & it ft L ooeltS $ it % Z £ 
KX £Z>£ K ifcftT l > 5 » jHKET*«t L fcltftttfc 

[0 0 18) **Wtlt wC0J:o«c«.ft*»6, G a A 
s Iffili: ELOiaDGaN £fSJI LfcfSfc: G a A s 

RaSiWLfc. aS&flI2©G a A s IRC^^^ 

SIB x = 3^kd, 
K2S x = 3 1/2 (k + 0. 5) d, 

[0022] ::ck, hHtfift-Cft*. -ocOS(i6 
oco^|g^^t#o 0 ^co^lSlcoJtMi^ hiKi, (± 
31/2/2, ± 1/2) , (0, ± 1 ).T-cfr£o 

[0 0 2 3 ] ^ne>E=ftff^Ig*(CSSB8«t-rGa A 
sffifr6GaN£GJtf*£i+£i:, ffiT-flifi:Lfctt*6£S 
LTx cfJiSitLt, G a A s [ 1 - I 0 ]. *|6l4: G 
aN [1-2 10] ^|Sli:S:TfTtLrflcfl1-*o Ga 
A s cotSS^ta t [ej c fS) # co$gS^«t^1- So v^l: 

H Ntffl # c G a N ^SffiBRS r £ Q & £ Scoii 0 ic (4 6 

^gor^s «jeia«t:ifiii*»oT:waT-te«B6 
fi -r £ co -e ea^ mk iz t&a *> s £ a* ^ -c ?f < « 13 2 (4 ^e- 

<Z)jfc*<n«iB5 L^l'o &6G a NtfE^ftJfcTfiSK 

^-ctea/>«fs«i-£o ca3(ccn^L^i' 0 ii<4"iEp#jg 



0 L ^ <n * £: 1 > 9 *K&fy fo & £ cocortc 
Sai«(iiaioki^fip/f^ctoSo fIF-y MJcOSlSIM 

X, **Wjofift;tf »J O z,m$SaSK(i±3Ci^^aco^. 

m(ci^<tSi§&<couTlftHflr^o * striae liZI^rW 
t-SIH^j ff* S? to m f£ H (C Jg s § ft CO If; 

Vtl£&&Xfo& 0 EE«^) 1 JQc/^^^d fe (fjBtrdS 
iXWLumffltX&?X j;h 0 c^^^EyC liiZ^^r 
SEHftKCJ:oTasJltt/g< L, -tcOEZPi/fUora 
.« t: S 4 BB(t « c t ft« ifi & x t tb i> „ 

[0 0 19] »0jg>|-E = ftffs/^->^) = ft|f5ffl.«C 
5>WrS.*«C0S[Bli:^5 B -ct/)J:o^l$jiLtGa 
A siBt:Ga , N&»ISrtft£-t*&« *ffl«fii£ttaHII& 
oit:V^rxv^Btft*itStt»f 'c ^ <b o 3 co ft ffi *%\m 
t^»l:«fc0 G a N*SBSRSS»(w»$*^r-g* 0 

[ 0 0 2 0] 7^^;i«tHs£tt**RBltU«l:S«W5p9 
-2 9 8 3 0 0^, KWl? 1 0- 9 0 0 8 ^(^IftHj^ L X 
GaAs (1 I 1) Aifi*fc(±BHC:v*£;£fl- 
- It [1 1-2] 1 ja*|#-3E=ft«B4«SgL* 

«)E = «»lHMit:SJ£K(t5 0 153 1 liv x ^coboSE® 
i^Lri^So ( I 1 1 ) ABti^cOtt, G agf/)S 

ltS« GaAs (1 I 1 ) ABCCfll^^-S 2 [11 
- 2] £ [1-10] XfrZ>» xZXy = [11- 
2] , x = [1-10] £{.*n*o(Z (111) @±(" 
ffif^^ii^o =«ff;OT lias d 4:1-5 i:, S(i 
[ 0 0 2 l ] 

y = h d ( l ) 

y= (h + 0. 5) d (2) 

[ 0 0 2 4 ] S*f«Ci^«EAftlf5CO«0jSLt: J:ot 
S IS ffi * B o t Jt & E 7^ ft co if . C . < c 3 1 § f£ S * S t 
tS. GaAs (1 1 1) AiCftUtGaNtfftKi 
L-C^ft«(cit/)«$ t #^co l i3tty«Cil«-e*)io 

«ocojatiy«iit^L'r 3 o m 4^1% hid ab 

T-EAftif5JfltftrS* s -tcO 153** [i 1-2] KHft£ 
= ■ fci^Cfc-C^So «0cOj3(4 [2 - 1 - I] , [-1 
2-1] T'cto^o C(7)*ffi(iis:T: G a A s*SS<o:*ffiT- 

[ 0 0 2 5 ] ^co±(cxtry*^i-iHSf|L/iGa Nco 
Zti4:{i3i9o Ga AsUPSaif&ttS! (zinc b 
lende) Si*a*-eiio*o GaNliASif.t.ftSA^ 
4ocO/« J 7/-V (klmn) (C J: o'c ^(iSSIJg^ 
5 U z«D-5%k, 1, mtt-^&S'Cco/*^ / — ^T- t toO 
ttfiT-ftUo CftttIoi:i2 0 Q 4«r±Ml(a,. 

tttfk, 1. mT^^o k+l+in=0iii»-)WI/)^ 
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(a. b, dig) MsM-efto, c«a«t)t6ig»tttt 

G a Asf) [1 1 1 ] liiiiGa Ncoc&fi&^rr 
lz?&£otji&&tii&tfifTM\&<> GaAs (ill) 

CO a N&a-li-Ti »So GaAs (1 11) ICGaN 
c^c^/jm'I^MVoo GaAs (111) flUK, G a N 
(0 0 0 1 ) flBtf¥?T"e&»£» GaAsco [ 1 1-2] 
(y«) (Z , G a N [10-10] /><¥fTT-*>*o 
G a A s c/) [ - 1 ] 0 ] tilfil ( x fib) CGaN(n[l- 
2 10] ^^fir'c.ftS, 

[ 0 0 2 f>] Ct/)J;oftE LO^-f}]l'/:GaN»)^ 

i&Ga AslSR±t:iaft$-ttSWCi«JJ!yLfc u 
G a A s*ISS^.v^> *Ks*L, G a N 

« — a 

[0 0 2 7]B4(iGa Ncox f ^ r ^BtScOjSfl 
£^-<To 13 4 (1) (IGaAsiKCV^^Sttltas 
M(tt:«!BT*>So 0 4 (2) (£7* ^coScnflSftCCOt 

(3) li^eCGa N£iifg<*-i+, ff*»&ii*>L&4>?) 

^^to utar-atfi^-ti-fc^^^-pjBttiRtta^GaN 

?-*>&ft\ iKS^GaN^ffifi^ifSjaer-WB^RBCO 
*l^atftSeotf^-y77l|SWSLTCi^h. B5RSJ 
£ /H* "c x t* y / * x V /I Bfcg Lip l ifSB £ flMR "T £ . * 
Wffc, GaAsSx^f>y»i« Q 7X^cngTi^(£ 
fiJF/gM J; o r Pfc < 0 -t-it^iiGaNWg £tSS#T? £ 
& 0 W«c«(^5/)>i3GaNIRi:&$ Q Ztl£.X 
*M G a N JMSAtf#& L ft u *» £ £(&£ X Stated tz 
(T)X'&Z> 1)\ Z cMmiZ J: o T G a N Kffitf) pI«H4#I& 

[ 0 0 2 8] 

(g«S-e*5»S 0 K*GaNMBttM0CVDa;-e-3< <=, 
tlt„ G a Nxt:'nyt/Ui^n{£l(:t^t4/;S i * 

L 1 ; ^t/)(±> ^ v -/j X (Si II ^) L/)>L 

mm I < & 1. 0 £ 0 *k-c L /j 1 *, sSfi fL^#@Jl > n Si 
I-A«ffl*ft* u 

{ 0 0 2 !) ] JiSG a Nxtmyv^fitgfll ✓ > 

[ 0 0 3 0] v > K-7~C&£cO(Cif-5 LtnfiiO)/)' 
? J > l-'-rCa N(?)e«S&}*^*tco(£^ot:i^ 

ic />• ? - * ja a,x * * «j r ««? s iaaj-j- a ic & ^ ? ft 

J: 1 >co a* ? c ft # * «nflcoffll«T- & £ Q 11S £»<7>Jgi 



*3ta ; i*lA. L t ? Be^JH^pco-tn *fttf>A» ? ^(JMi 

[0031] ^«»ttjia^(c7i«»$ttA«cuJt^ 

r*U4*«f* (n = p) C^S^hi^t^^t-ii^: 
l** > > K — ^A^Tfcraft*»a>eWl!CCft*fc0># 
5H*o -/ > I*- 7S ittnffitlJ&So GaAsdtHW 
«wT*61»S:A*i«el^ ngasa-TSo GaN(iy> h' — 

n ft 1 » co (c n ^ <c ^ s a> ? c n w &tz iz m x &> s . j 

> Y — -TXfo%(F>{Z nffilC&SG a Na^tsfitSW^W/)' 
ULeW»Ji»rftfl{£SllK-r«C4:* s **W<0W lco 
SWT*S, ^6Cn^t U7*ai*«MBPL&GaN 

[0 0 3 2] 

n>scottisaT-ifeSa 15^^ i-'-7 i l^<t^^x* 

CTKIStLtfiSA^inSo CCOi^^G a Mgffi 

[0033] mztzuvpEs- (A^ KftteaftS) 

t'GaN5:xt^^yt/LSl^-{+§ll^ gSliGa 
^JR* igft.*3RHCl, 7>f-7NH 3 X&& 0 %m 

ttH»*cft**iftiwi-r7?&*o *#ic*fie»"r, g 

aNxfnyt^Kinlt^^o Jl*4^X«CT^a 
i: LTS^ti5B$a/) s Ga N ^ n32<C*T ScOT'ifo^o 
[0 0 3 4 ] G a N*gg(Cj>l »rii»*«n§a K—/t> h 
T-*) 0 , *HWt:»*SM-J!iOLft < n3a^>e«?*4& 
^1"o ^Ur5*(iGaN<7)e«5iS&a£(c^S<c(£IS 
*4//Xft^[Cg*nSK«^M»^«ffi«c»JjWLft(tti 
ii'ft^ft.iK i:inCi:t^S 0 IS*4^x«c(±St^fl!i 

A«9JS GaNCfin^c* f«JcO fftffl £ ft 1 >co r ft ft(£IS3R0> 
ilA(£SLSx.fti^T?ftSo w5* J *lgBfl#a)|Ht 
tCct^Kil^^G a Ncr>nS K-^> h h LTSUELT 

[0 0 3 5 ] ^CTnSaGaNSIfitLTtth-- h 

kUTittisfitEffl-rso zt\&-£mn<r>w=?x$>z>a m 

RttfSCCidS^S .fc^CnS I s — hi: LTftt: 1 0 0 
%c0iS^ft^^7f>1* o cnii»3R^naH-/^> hi;L 

SC0T-ft5-?o 

[0 0 3 6 ] Lfrtltl^eHTItStttBlWfittft;*** 
1' 0 1 x 1 0 1 6 cm - 3^. 1 x 1 0 2 0 cm" 3co$g 

n(C«t^T»6*iSnSfilS<7)^v 'JT«K0: % 1 x 1 
0 1 6 cm" 3^ 1 x l 0 2 0 cm-3£:ft£ 0 

[ 0 0 3 7 ] «tt#;*fcLT*W&B4ttfflLfci»£, 
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S» Sfc, KW*fbc^flf%(cj;ii«)K3RillKA s K< lx 
I0l8cnr3iut:?i^i:, 7*h^;*-yt>x 
M/) J fi£Tt 6itW6»/j«(:&?ri»S« c ft 6 co«S 

SSaS^: 1 x 1 0 1 8 c m - 3|*-f, $ L < li 1 0 
1 7 cm-3^T(3lffl!t^c7)^i^LOo GaAsI 

[0 0 3 8) 

[«ffl<nil*(Off*«] G a N <nx.tr* 

1. HVPE (Haiide Vapor Phase Epitaxy) Jgfcl^S. 

2. MOC ( Metal lorganic Chloride Vapor Phase Ep 

itaxy) mm&m&it^mmKm 

3. MOCVD (Metal lorganic Chemical Vapor Phase 
Deposition) *«^JBCVD5£ 

[0039] «ft«mtBricf*a;<i, Ga&a&mntr 

So Ga + HCl^GaCUl^^t-BGaCl 
£ff!K 7>^-7NH 3 tGa C 1 C0StB(C J; oT, 
GaN$:M1^o G a C 1 £ f-t£<7>-CiflftflJi: t >oco 
T-£>So MOCIiGa^SHiBGa (CH 3 ) 3 £Jjf* 
*4£1"So Ga (CH 3 ) 3 + HC HGa C 1 tmo 
^t'-iGaCUff^ 0 7>€-7NH 3 i:GaC 

A sSSLtC: 9 0 0 o Cn±<DMUX% i^ffiHcDG aN£ 
x t* ? * > * vueEfi $ ti-c u s ^tBBB (t r- <fr 

So 

[0 0 4 0] MOCVD^iGa^i^IGa (CH 

3) 3&mmt-r%> 0 NHztmmz&fczitx. Ga 

(CH 3 ) 3 +NH 3-*GaNi:S-3Ri5&fiCd-il- 
So GaN0xt^ * v * ^l*fttt»£»£C0!>;fri£Cc: 

[0 0 4 1 ] $^(il, 2co*i£(C«j8T£o L/VL 
fl! t It Ml tl^ 3c/)MO C VD (i T^iST' A 

% LH-IGaClS(f5ti^lg/)^l»« -ceo 

*yt^iCiRAt4. 8L»M4t, g«»JI4 1 0 
1 8 c nr 3 C K ^ loBSf (7) G a N $ 9 i: 
MOCVD46THt*lia«*«jir*-C, 



L T Ngffl: L , «^ tfiWRtt/j'itMTr S <i i: A, 
<L'j££Lftu ( 1 0 I 8 cm-3uT) ^&'e«frS« ft 
a N*r-tt*i:^/)»4$l«tet:A5co/|.(i*e(i 

CwJ:SnS*v UrftJfflico4M*C&So 
[0042] -cni'U. "fcSiltfHi, O a C 1 L'C 
G a N 4 ifcr* I" S H V PEitA'MOC i£ KM I'S* i - "I s 

So .eHA-HcflSjR l--rHCJ:ij nS*v ur 

ffcfflHI BI'JIT <c fic S £ -c M« L 'C 6 ffi M ic pfr Sco * * 
'J7RC &*S =t 9 £ S * it So 
[0 0 4 3 ] ISiS?* K--ri-&&#>M % IMS#X. Tkft 

* * A u<i fc & s fi\ .ticn -r > sc**# * <w JUT 

MOCtHVPEtHCUXiffll^o ^ 
(5Mtt*3R+HC 1 iiLTfflUSo 7>t-7NH 3 fe 
af*r-^So C£0 3ft»|coatt:«*4(Oo H c i est. 

Cl(;^n§i:Ga^ G afif«&JBi:SC;LT G- 
a 2 0t«L, fcftUGa N^iifpCS^CKoii* 

[0044] (Oi(cR*s i~ rrscotzwaftfl 
- 7* ^ 7, h { i & -r s c t * 5 s « x ih 0 '^j % /> < a s „ 

[ 0 0 4 5 ] ^flaCct-^r, GaNJgaclWL, ^tB 

/jM x 10 1 6 cm -3^ 1 x 1 0 2 0 cm -3 co$gH 
'eo'c, nffl^rv U TigiSAS lxlQltic 111- 3 ^ 1 
x 1 0 2 0 c m _ 3coSgHcOG a N tSB S: ft * «WT- * 
So SSSlig/g, ^v"uriglStt»SL<a:5 x 1 0 17 
c m ~ 3 - 5 x 1 0 1 9 c ni~ 3 -£fo% 0 j: 0 ftf$ l < 
(i 1 x I 0 1 8 c m - 3^ixiol9 cnr 3 trA 

ItK sgft KM r & S t ISStS * $ 0tT r S u 
[ 0 0 4 G ] G a N(if**+i"7 t f tlf^lCMOC 

hiiS it-ftD, y7>^"x (S i 1 1 4 ) — 1:>^ 

GaN*s»&o< fcei*-7^sifr 

6S i/j«GaN#«afp(CfflArS« ASlWiHltttfZ 
* T^^^ h L T G a N tS»*C S C CO B^MBP 
s' H^I'C-ASo G a N*c«S i ^^M^:flli^rSC<h/) j m 
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lxiol7 C in" 3 WTtA4CkMB 

X«fc£o 
[0047] 

[*IBW] [*ISffl 1 : GaN/GaAs : H V P E 

3B*BcoHC ltfX] G a As (1 1 1) Affigfg 
±(C S i 0 2 ttCKScLfco 7th'Jvy 

RfiKLt (SI) o £.:Rca£-ott2/iiiiftX-&& 0 G 
aAsIWX 1 1 -2>iifalZ4 un\\Zv*' ( = d) 
'cHiJC^^o 3. 5 jum (=3l/2d/ 

2) iiitElc^t-^f^rc, Httr-y^x-SUcn 

(GaNA".y7rf) 

(GaNitnyt4f) 9 2 O'C- 

X ito o 

[ 0 0 5 0] C<7)Rtftc/)MI^(C^t^T VX^COI (2/z 
mft) t»»ficoG a A s HffijXi.: L fc G a Nttaoft 

IfiKCIt/jioTff < * { »i:*-|4tt— ftracot-TJftcoG a 

otfiB 'i ffi (si - Pi r £ "f'c <fr <5 c Wj'X L fc S*» 
(03) , EH«ff^ie^l<0S/)»6AfliffJ«t:Wa*C 

il: />« o x * fc & en ft'lStt? & <^ x tSMDatt^ £.<n J; o 

[ 0 0 5 1 ] 3<n4gffcMT HVPE (HAL IDE VAPOR PIIA 
SE EPITAXY) i£fcl>-3<7>U:. #Eco£tE*Pi*lfiPfc: G a / 
*n,&A>ifc#-- HSrJRSL, Ga#- h* 8 0 0TO 
±CdOI»Lr*j. HC ltfXSrTcLX. GaCUS 

iCGa N&/$g£-U-6*cDX<fr£o 'J TtfXIii* 
X*#tX&£° 

[0 0 5 2 ] 05 CcRBS<n*B»ltt4*T|-o «RG>J»fc 

S„ ZZtttGa 6*«SftRBt«8**i5o EJS*P I 
0>T#M<*, »tt7^ 7 Wis + 7 h 8KcfcoXfW*lHl*K 
aSE(c£#S4i*o ^^7(0±i:GaAsSfi9/) 5 

t J: o x MiX i ^ « «W4# * An 

3*»i=>, HCl+H 2 t/XWX^nS 0 CJitfiSHM* 
jficOGa 6 £:JSe-4-^, Rf4^^Xn4A>6. ^>^- 
TNH 3 +11 2 #X#4??v£tl3 0 
[ 0 0 5 3 ] SlESCtt, 2Ga + 2HC1^2GaCl 
+ Il2'c<yj () £JffiG a &l§i*it1~3o £®X£>^>X^i 
tt ii & <b & i . fp *b J& ft * Si:lo"c"-iGa cots ft 1» 
Ga c 1 £fV£« c<i(iKar-ttjR*t:ft:0**CJ:-3 
t*^:i:/j^«5n JSftttcnGalR»&tt-5/i»6/^ > - 



£:< 1 1 - 2 >#ft<c — i2£*o — 32 4 iunicOEHftR 

[0 0 4 8 ] ^cOfg, HVPEiSCCtO, S5H 9 0°Cc7X 
ft£iSM;l30X, vxVGa A s <o±(~ G a N£>6 
/^y 8 0 nmff£fi£L£. ^^CSSL 9 2 0°C 

-10 5 OtroaaCiiOt, GaNxfnytiH 
2 0 0 A£mcoS^(cff^fiKLfcq 

[ 0 0 4 9 ] oSDdtJlftffU 

4 9 0°C 8 0nm 

- 1 0 5 0 °C 2 0 0 >u m 

f HVPEtl^^T-ftft. Ga->GaCli:^0, & 

ffl&a&ffi^^c^o ^ t:^ ;£(7)jlu(£G a&-5- 

T>f-7N H 3 ^<7Mt!iC0 77i£T-^r >"E - 

[0 0 5 4 ] ZZXH C 1 X{^o^<7)3fl^*<7)£ 

(a) T**ft)h LT7k*»2 0 0 0 ppraSA/gHC 1 
X 

(b) ^««J4:Lr*&»l SOppmgUiHCl^ 
X 

(c) ««£H^SLfc«fill0>HC 1#X 

[ 0 0 5 5 ] itja5WJ:-5(lHCl«rxtt^«ISkLTja 

[ 0 0 5 6 ] GaAs^xA$J5Je*P^e^0tii1-h> 
MfflttCGaNW/)sa«SII«S»i5!cLT LTl^o -tl(i 
GaN/GaAs»it-*)5*'e, iTkCAtLt, Ga 
AsafiSrSSPftaetfco » r> tz <D i i G a N gg T' % 0 
Cix(±®^^2 0 0^m*Scot-a2:IHT-*)So Ga 

§0GaNlffittSCi:A s t'§So 
[0 0 5 7] HCLCoirc (a) - (c) (0 
fttt^GaNStfi«:f¥«{L, I^^iISOi:^^ 'irfll 
nftaMSLfco SSaitttSIMS (Secondary Ion-Ma 
ss Spectrography) il J; ot iHS L fz Q Ctili^^Stt^f 

cot^^o ur«JS(iHa 1 1 J;oti^, 
[ 0 0 5 8 ] ««LfcHCl^^(C4,ISJR, Tkti^^tt 

t:a*ft4. ^ol^SRT- (c) WHClSfflOfcGa 

[ 0 0 5 9 ] [^fin^l 2 : G a N/G a A s : H V P E 
J£, *«*HC l^X] ^»*J1 fcBU*{S(CJ:oXG 
a A s »KcO±t: G a N*£H£ L o * 0 v X ^ 
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5ffi9tHVPESia'JGaN/^y7Tli:GaNx 
b**:> riUfBSSfiltrSiii^jfitlHL-efti. H c 
1 Ua-?e H C 1 ^Xli^rv 'JTi:Ltco*a 

KI»«4G a C 1 Ca^^^Ctrc^o 
[0 0 6 0 ] (d) »!)igLtt«LfcB*6«HC l#X 
( e ) ««*4Aftfc>*7^4**#;*£J;oT>^U 

[0 0 6 1 ] Zixh 2«aco^f^S:jaS&lt*T-iS-&L 
fc*fX (d + e) 4, HClWXtltflffl«. HC 
l<C*fif-£7ktDit^4 3 0 0 0 ppmWT<Z)«IBT-SA 
fco I), H 2 0/HC 1 = 0-3 0 0 0 p p m<7)$g 
Ht-a«W£*ft£-&fco ffltfxa 2 G a + 2 HC 1 -> 2 
GaC 1 + H 2 «>SJS(C4iUT** s *>S*»6, KfftfG 
a C lco-BtilX-TSo B*$ h'-'O YhLXtm 

[0 0 6 2 ] 3 : G a N/G a A s : H V P E 

ttXiSADHC 1 #x] USEiTiJ l £Hl;*SS(wJ:o"C 
G a A s Sfg60±CG a N *£» 4 flMH L- fc □ lEHftffsfl* 
*SlSWrSv^^fi:15Eo-CHVPEau*f) GaNn* 
•y7-riii:GaN3it:^^ri/r>Hi^^fefiJc1-^to-?^ 
.ttBUT-fca. «fb**.(HC 1) #X#'J>Lii?o. H 

c i ^xc«HWccB»//^s«&rs Q h c i XX (z 

7k4ft*-tfS»CCJ:^"rfit*4*BIW(CGa C ICtI 

[0 0 6 3 ] (f)»0fiL««Lfc«tt*HCl^ 
(g) WWflMMRtf* 

[0 0 6 4 ] Cft 6 2«a(0#*£aS&tt2pT-iIl&L 
fctfX (f + g) 4, HCl^XtLtfiJfflt^o HC 

ltr*tTailHIM>It*4 3 0 0 OppmWTcoaHT'K 
X.fco oJO, O 2/HC 1 = 0-3 0 0 0 p pmcOiE 
HT-att«(cafb*-ttt« »Jtf)c»2Ga + 2 HC 1-2 
GaC 1 + H 2^SiBt:*5i»T:ft»* s ^S/j"^, 
GaC lco-SP(C}g\1-^ 0 

[0 0 6 5 ] [i£fiuffl4 : GaN/GaAs : HVPE 

■a, Cessna n h 3 if x ] mmm 1 1 h u sssc =t o x g 

aAsiK^lCGaNeifcrtRLfc, ogMj, 
?4f$oXHVP EStiD GaN^'777ihGaN 

NH 3 iS*1)<'&o v Nt\ 3 il7si±. *\-i)7ifX£LX 
*W^SffiffltSo cco3MR#*c*4?B»D-r*c:4: 

X£So 

[ 0 0 6 6] (h) «0jgL«KL^KttfSNH 3*** 
( i ) tBtt**Aftfc/^"/747kSR/fXt: a toT/triJ 

[oo67] c ft h 2 mm<o a x &m a 4 it *-c- n & l 

fc#* (h+i) S7>t-r^xi:Lt(!fflt4, Is 



7 -7 c» s fSd-ffftcFii-^ r > * - r a x cfi (: a £ ft S * 

I$5ppm^'3, 5 0ppmi*cSfl:^tto N II 3 

So 0>&< LT*Jtf£W^¥to<C. Ga N*C:fli!)ii£ 

[0 0 6 8 ] [*«EW 5 : G a N/G a A s : HVPE 
{£, ttffiiSAU N H 3 # X ] limm I i: H U W&t: J: o X 
Ga AsSKco±tcGaNtS»4tt="«Lfco ^*0, v 
X^iotHV P E;£C ( fc!)GaN'W7Tj|i:Oa 
NxfV^ry r iHH 4 £«T * 4: I ^ ,£X liP L X do 
So NH3^X*«il-5o NH3#X*(C»Mft3R4iHX 

(7)ffl/>« l 0 p pmco-fc^ l 0 0 ppm£>-&</>4ffiti!L 
fc« NH 3 ^x(i, ctiSt'COHCl^xctt^ii; 
ttffi-rsfcw, T>^-r^fx*(nH3R^a<i^4c < x 

#Sc 

[ 0 0 6 9 ] (36 U*JSW i ~*MEWI 5 Men «XC0 3 8 

mi%i*0 (cm- 3) t-$>* u Ktfl#*V'J7-ja«n 

±Ct2^ ( W*4 0 7^(14 «£##>So 0 = niKM 
cr>±C(£3 2fiDjSW<fc*„ nmEjS* s *l*0 = niK»i:3F 
fT(C3t^i:t»9e t(i, i)ittA«na K— /t> hx 
4*1* -4- 5 o £ e> (C*tt:C 0=n x<fc s 
l«RK-'*> h(i^h*±:a5/> 5 m^4 6iaiLiStt^ 
# 1 0 0%-CifcSCi:4.«nt-j-s o *ft£(*T-*<, 0 
< nOjlHie.*(D^*s*l^TJ*«iStt*tta*Mt± 1 0 
0%4f*/LS o 

[0 0 7 0 ] teifiz 1 0 0%4«;tScD(iJIfi(£*T/>'<b 

&o. S I M S »WfitK4: II a 1 1 mm&w<r>miz&m 
-r s #-tst: j: s.s* t s* i^Ltufi coaiise 
e> v 'J t«k n ^ss««* 0 ecjtffl tsti^: 

<h(imx.S 0 OiHSIBCtot + t 'i7*fflS4$'J 

c m - 3 cn E 1 , $5GS (c -ti l » r * v U T « Iff 4 £>| » 1" S 3 

[007 i ] *«ftfi»«c*sin:*v u r«a(±«»c 
no s £ ft 5 ttfcT- ^> s jr i^rs « t o t- & 1 »a e e 

L«cl «co-e^SA\ K5R««4flH«L-C^r#* l ofcw 
t *U » < -ofrfoZo mmntt&ft-mZ'fo « a -v c 0)u 
fiiM)HC l^^Sttott, GaNISK^f*38B(wffl 

oa*fts»aRStt-»-e«ci^ h*4cohc i^i^s 
rji»(cti. tta*(CiiX"rs»3R4i*w*'^ 
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•A is l- ± I f * £ y> (c (i * sR cn ft a & * Jfl Mi £ -U- , g§ 

a « 15 * t i f a £ ( ^ a * m <n ft a @ * # i> <* it n 

[<J D72] l'4±c/)«S«tt, H V PES f 

t&SHMftS; '(MO CS6 : Metal lOrganic Chloride) (C 
J: o T G a A s a |g ± ( c G a N IS A & fi£ ft £ -1* g 2: | % fc 

(CH 3 ) 3<CHC l^^SStt, Oa.ClS-at 

o< 3 ^t-A5p fiz^ttG a C 1 &f¥&»FBT-|*l$3 

[ 0 0 7 3] 

t % mm)}^ } * , ISS G a N M fci * T n ffi-co 
I— ><> l-4:L-C«#fSlSfl:**M 0 OMi^ho: 
h SrttttT P86KLth*o G a N 0 ji £ ft 

S»*«4fPJW1-SCi:CJ;or, tfSUO** 'J7SS 
0>nfflGa NJSR^IWtSCt^gft. S i & |~ 

[0 1] G a A s (i 1 1) Ai^Ifit ttrcoiC 
Wit S77^ coscoEHS Stv x * — »ipffllBI 0 
[0 2 ] v X *co±/)>r-> GaNxf'y * iM- JM$ft£-t* 



4t? X <7/f *Stt;tTl5fcft L£ h # G a Nrt«E*ftJK 
[03] vx***4«;tfclSftLfcEAftr*0>GaN 

[04] G a Ncoxf^^rxt ^UBlcftCOi^lI^^) 6 fc> L 
£0 O ( I ) (iG a Asgf£(cvx^£o(t£0 o 

(2) [iv^^^S^CGaN^777i$Bi^ 
■U-fcHo (3) &<*6<CGaN£i£«<*i+£l3o (4) 

[i5] HVPEii h7f K9l«ritfta) WKBRWS 

[06] GaN*Sr a *coi5^iI^ (cm-3) 
7»«« (cm- 3) (OWK*8t^7 7. 

1 KXE*p 

5 G a S 

6 Ga 

8 y i- 7h 
9GaAstfi 

i o»ap 



[06] 



♦ + 9 *AiK 
( c n -8 ) 




Bums, <«-*) 
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